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(57) ABSTRACT 

A method for forming an amino-free low k material. The 
method includes Steps of introducing an amino-free gas into 
a chemical vapor deposition reactor; and decomposing the 
gas to form a layer of low k material. The amino-free gas is 
comprised of Silane-based gas and CO. O. is also applicable 
as the proceSS gas. 
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METHOD FOR FORMING AMINO-FREE LOW K 
MATERIAL 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The invention relates generally to a method for 
fabricating Semiconductor integrated circuits and more par 
ticularly to the formation of amino-free low dielectric con 
Stant (k) material using chemical vapor deposition. 
0003) Description of the Related Art 
0004. In current IC fabrication, connections between 
metal layers, Such as copper, which are separated by dielec 
tric interlevels, are typically formed with a damascene 
method of via formation between metal layers. The first 
metal pattern is first completely covered with dielectric, 
Such as Silicon dioxide. A trench is patterned into the 
dielectric layer. A via is patterned from the trench, through 
the dielectric layer, to the first metal pattern. A metal film, 
Such as copper, is then used to fill the via and the trench. A 
layer consisting of dielectric with a metal via through it now 
overlies the first metal pattern. The exceSS metal can be 
removed using a CMP process to form a damascene metal 
Structure. 

0005. As devices continue to become smaller, less expen 
Sive, and more powerful, Smaller dimensions and denser 
packaging are required for integrated circuits. Consequently, 
fabrication proceSS and Selection of material become more 
and more important. The parasitic capacitor effect caused by 
inter-metal dielectric layer (IMD) has resulted in increasing 
RC delay. In order to reduce the capacitor effect, low-k 
material must be used. Examples material are fluorine-doped 
Silicon oxide and organic polymer. 
0006 Currently, via first process is usually used to form 
dual damascene, where a via opening is formed through the 
inter-metal dielectric layer (IMD) before a trench is formed. 
However, the dielectric constant of IMD continues to shrink 
to less than 3. Under this circumstance, organic carbon used 
to provide lower dielectric constant than fluorine in dual 
damascene process causes problems, Such as contamination 
of photoresist. This is caused by Similar chemical properties 
of carbon and the photoresist. Therefore, Some interaction 
occurs between carbon-doped CVD low k material and 
photoresist. Furthermore, existing amino element is the root 
cause for photoresist contamination when photoresist 
directly contacts the IMD layer. Consequently, a suitable 
proceSS must be provided to prevent and avoid contact 
between carbon-doped CVD low k material and photoresist. 

SUMMARY OF THE INVENTION 

0007. In order to overcome the above problems, the 
invention provides a novel process for the formation of low 
k material by using amino-free gas, Such as CO and O2, as 
the proceSS gas. 

0008. It is another object of the invention to provide a 
method for forming low k material that reduces contamina 
tion with regards to photoresist. 

0009. Another object of the invention is to provide a 
method for forming low k material without unwanted side 
reactions. 
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0010. It is yet another object of the invention to provide 
a method for forming low k material using conventional 
material without adding complexity to the process. 
0011) Another object of the invention is to provide a 
method for forming amino-free low k material in a dual 
damascene process. 
0012. In order to achieve the above objects, there is 
provided a method for forming low-k material, which com 
prises introducing an amino-free gas into a chemical vapor 
deposition reactor; and decomposing the gas to form a layer 
of low k material. 

0013 The method for forming amino-free low k material 
is also applicable in a dual damascene process, which 
comprises the steps of: a) placing a Substrate into a chemical 
Vapor deposition reactor and using an amino-free gas as 
process gas; b) decomposing the gas to form a layer of low 
k material as the intermetal dielectric layer on the Substrate; 
c) forming a via through the intermetal dielectric layer by 
lithography; d) forming a photoresist layer on the intermetal 
layer which fills the via; e) patterning the photoresist layer 
So that an opening is formed over the Via on the intermetal 
dielectric layer to expose and the top Surface of the via and 
partial Surface of the intermetal dielectric layer, f) etching 
the exposed intermetal dielectric layer to form a trench; g) 
removing the remaining photoresist layer; and h) filling the 
trench and via with inlaid copper to form dual damascene; 
and i) polishing the Surface of the dual damascene to remove 
exceSS metal. 

0014. According to the method provided in the invention, 
the amino-free gas is a mixture of Silane-based gas and CO2, 
wherein the Silane-based gas is the Silicon Source. However, 
other Silicon Sources can be used as well, for example, 
Silicon dioxide. O is also applicable as the proceSS gas. 
Preferable carrier gases are Ar or He. 
0015 The chemical vapor deposition used in the present 
invention is Selected from plasma enhanced chemical vapor 
deposition, electron cyclotron resonance chemical vapor 
deposition or induced coupling plasma chemical vapor 
deposition. 
0016. According to the method of the invention, the 
low-k material is amino-free. Without the presence of amino 
element, photoresist contamination between the photoresist 
layer and the intermetal dielectric layer is thus avoided. 
Also, no unwanted Side reactions are induced, which con 
Sequently results in good proceSS implementation. Further 
more, this method is cost effective. 
0017. The present invention will become more fully 
understood from the detailed description given hereinbelow 
and the accompanying drawings, given by way of illustra 
tion only and thus not intended to be limitative of the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIGS. 1A-1B illustrate the process of forming an 
amino-free low k material according to the invention. 
0019 FIGS. 2A-2E illustrate the process of forming an 
amino-free low k material in a dual damascene process 
according to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0020 Firstly, as shown in FIG. 1A, a semiconductor 
Substrate 10 is placed in a chemical vapor deposition cham 
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ber. The pressure within the chamber is preferably adjusted 
to 2.5 torr (chamber initial pressure). The semiconductor 
Substrate 10 is then heated to a preferred temperature range 
of 250-450° C. 

0021 Next, process gas comprised of CO and silane 
with preferable carrier gas Ar or He mixed in a preferred 
ratio of 0.05-0.2 (process gas/carrier gas) is introduced into 
the chamber. Preferable flowrate of the process gas is 
controlled at 200 Scem-1 SLm. At this time, working pres 
sure is preferably in the range of 2.5-10 torr. 
0022. Then, chemical vapor deposition, Such as plasma 
enhanced chemical vapor deposition (PECVD), electron 
cyclotron resonance chemical vapor deposition (ECRCVD) 
and inductor coupling plasma chemical vapor deposition 
(ICPCVD) is adopted to deposit a layer of amino-free low k 
material 11. ProceSS gas at this Stage is decomposed and 
deposited on the semiconductor substrate 10 to form the low 
k material layer 11. 
0023 Apart from CO, O, is also applicable as part of the 
proceSS gas in the present invention. 
0024. Another embodiment applying the method pro 
Vided in the present invention in a dual damascene proceSS 
is explained with references to FIGS. 2A-2F. In FIG. 2A, a 
substrate 100 is provided. Amino-free gas is then used to 
form a low k material as the intermetal layer 110 on the 
substrate 100. Firstly, a semiconductor substrate 100 is 
placed in a chemical vapor deposition chamber. The pressure 
within the chamber is then preferably adjusted to 2.5 torr 
(chamber initial pressure). Temperature of the semiconduc 
tor Substrate 10 is then heated to a preferred range of 
250-450° C. 

0.025 Next, process gas comprised of CO and silane 
with preferable carrier gas Ar or He mixed in a preferred 
ratio of 0.05-0.2 (process gas/carrier gas) is introduced into 
the chamber. Flowrate of the proceSS gas is preferably 
controlled at 200 Scem-1 SLm. At this time, working pres 
sure is preferably in the range of 2.5-10 torr. 
0026. Then, chemical vapor deposition, such as plasma 
enhanced chemical vapor deposition (PECVD), electron 
cyclotron resonance chemical vapor deposition (ECRCVD) 
and inductor coupling plasma chemical vapor deposition 
(ICPCVD) is adopted to deposit a layer of amino-free low k 
material 110. Process gas at this stage is decomposed and 
deposited on the semiconductor substrate 100 to form the 
low k material layer 110. A via 112 is then formed by 
lithography as shown in FIG. 2A. 
0027 Next, in FIG.2B, a photoresist layer 114 is formed 
on the intermetal dielectric layer 110 which fills the via 112. 
The photoresist layer 114 is then patterned to form an 
opening 116, wherein partial Surface of the intermetal dielec 
tric layer 110 and the top surface of the via are exposed as 
shown in FIG. 2C. 

0028) Next, in FIG. 2D, the exposed intermetal dielectric 
layer is etched away to form a trench 118 on top of the via 
112 which is filled by the photoresist layer 114. 
0029. The remaining photoresist layer 114 is then 
removed, as shown in FIG. 2E, wherein the trench 118 and 
via 112 are formed. 

0030 Copper is then used to fill the trench 118 and via 
112 to form a dual damascene 120, as shown in FIG. 2F. 
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0031. According to the method provided in the present 
invention, amino-free process gas is used to form the low k 
material intermetal dielectric dielectric layer (IMD), thus 
potential contamination between the carbon-doped IMD 
material and the photoresist is avoided. 
0032. The foregoing description of the preferred embodi 
ments of this invention has been presented for purposes of 
illustration and description. Obvious modifications or varia 
tions are possible in light of the above teaching. The 
embodiments were chosen and described to provide the best 
illustration of the principles of this invention and its prac 
tical application to thereby enable those skilled in the art to 
utilize the invention in various embodiments and with 
various modifications as are Suited to the particular use 
contemplated. All Such modifications and variations are 
within the Scope of the present invention as determined by 
the appended claims when interpreted in accordance with 
the breadth to which they are fairly, legally, and equitably 
entitled. 

What is claimed is: 
1. A method for forming an amino-free low k material, 

comprising: 
introducing an amino-free gas into a chemical vapor 

deposition reactor; and 
decomposing the gas to form a layer of low k material. 
2. The method as claimed in claim 1, wherein the amino 

free gas is a mixture of Silane-based gas and CO. 
3. The method as claimed in claim 2, wherein the gas 

mixture also includes He or Ar as carrier gas. 
4. The method as claimed in claim 2, wherein the mixture 

also includes O. 
5. The method as claimed in claim 1, wherein the chemi 

cal vapor deposition reactor is plasma enhanced chemical 
Vapor deposition, electron cyclotron resonance chemical 
Vapor deposition or inductor coupling plasma chemical 
Vapor deposition. 

6. A method for forming an amino-free low k material in 
a dual damascene process, comprising: 

a) placing a Substrate into a chemical vapor deposition 
reactor and using an amino-free gas as proceSS gas, 

b) decomposing the gas to form a layer of low k material 
as the intermetal dielectric layer on the Substrate; 

c) forming a via through the intermetal dielectric layer by 
lithography; 

d) forming a photoresist layer on the intermetal dielectric 
layer which fills the via; 

e) patterning the photoresist layer So that an opening is 
formed over the via on the intermetal c layer to expose 
and the top Surface of the via and partial Surface of the 
intermetal dielectric layer; 
etching the exposed inermetal dielectric layer to form a 

h trench, 

g) removing the remaining photoresist layer; and 
h) filling the trench and via with inlaid copper to form a 

dual damascene; and 

i) polishing the Surface of the dual damascene to remove 
exceSS metal. 
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7. The method as claimed in claim 6, wherein chemical 
vapor deposition in Steps (a) and (b) are carried out as 
plasma enhanced chemical vapor deposition, electron cyclo 
tron resonance chemical vapor deposition or inductor cou 
pling plasma chemical vapor deposition. 

8. The method as claimed in claim 6, wherein the amino 
free gas in Step (a) is a mixture of silane-based gas and CO2. 
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9. The method as claimed in claim 6, wherein the gas 
mixture in Step (a) also includes He or Ar as carrier gas. 

10. The method as claimed in claim 6, wherein the 
mixture in Step (a) also includes O. 


